We have assessed the influence of different surgical procedures on the incidence, severity and duration of early postoperative hypoxaemia in 312 healthy infants and children undergoing elective palatoplasty. Group 1 patients underwent von Langenbeck palatoplasty (n:149), group 2 patients underwent push-back palatoplasty (n:124) and group 3 patients underwent combined push-back palatoplasty and superior pharyngeal flap surgery (n:39). Arterial oxygen saturation 5 $ was recorded while patients were breathing air shortly after arrival in the recovery room (0 min), and at 5, 10, 15, 20, 30, 40, 50, 60, 120 and 180 min thereafter. Patients who underwent more complex surgical techniques for palatoplasty had lower postoperative 5 $ values, slower recovery of 5 $ and a higher incidence of hypoxaemia during the early postoperative period. There were significant differences in postoperative 5 $ values and the incidence of hypoxaemia. The incidences of hypoxaemia and severe hypoxaemia were 27% and 1%, respectively, in group 1, 37% and 12% in group 2, and 36% and 33% in group 3. Hypoxaemia occurred most commonly in the first 15 min in children after von Langenbeck palatoplasty, in the first 40 min after push-back palatoplasty and in the 120 min after combined push-back palatoplasty and superior pharyngeal flap surgery. There were significant associations between low 5 $ values, incidence of hypoxaemia on admission to the recovery room and recovery scores. (Br.
Summary
We have assessed the influence of different surgical procedures on the incidence, severity and duration of early postoperative hypoxaemia in 312 healthy infants and children undergoing elective palatoplasty. Group 1 patients underwent von Langenbeck palatoplasty (n:149), group 2 patients underwent push-back palatoplasty (n:124) and group 3 patients underwent combined push-back palatoplasty and superior pharyngeal flap surgery (n:39). Arterial oxygen saturation and a higher incidence of hypoxaemia during the early postoperative period. There were significant differences in postoperative 5 $ values and the incidence of hypoxaemia. The incidences of hypoxaemia and severe hypoxaemia were 27% and 1%, respectively, in group 1, 37% and 12% in group 2, and 36% and 33% in group 3. Hypoxaemia occurred most commonly in the first 15 min in children after von Langenbeck palatoplasty, in the first 40 min after push-back palatoplasty and in the 120 min after combined push-back palatoplasty and superior pharyngeal flap surgery. There were significant associations between low 5 $ values, incidence of hypoxaemia on admission to the recovery room and recovery scores. Patients undergoing elective palatoplasty are at increased risk of early postoperative hypoxaemia. Surgery can cause airway compromise from oedema of the palate, pharynx or tongue, and thickened secretions or blood in the pharynx. 1 2 The patient may also be unable to clear pulmonary and oral secretions. Most patients undergoing palatoplasty are infants or children. They have a relatively higher oxygen consumption compared with adults, 3 but may also be at increased risk of airway closure during tidal breathing because the elastic recoil pressure of the lungs and thorax is low and closing capacity is increased. 4 A previous study showed that hypoxaemia was more common and more severe in children undergoing cleft palate repair than other types of plastic surgery. 5 However, there are no data on the influence of surgical technique on postoperative hypoxaemia in infants and children after palatoplasty. We studied the features of early postoperative hypoxaemia in healthy infants and children undergoing different forms of palatoplasty.
Patients and methods
We studied 312 infants and children, ASA I, aged 8 months to 14 yr, undergoing elective palatoplasty. The study was approved by the Institutional Human Study Committee and informed consent was obtained from parents. Children with a history of recent respiratory tract infection, cardiac or lung diseases or those with anaemia were excluded. Patients were divided into three groups according to the surgical procedure: group 1 patients underwent van Langenbeck palatoplasty, group 2 patients had push-back palatoplasty and group 3 patients, combined push-back palatoplasty and superior pharyngeal flap surgery. Patient characteristics are shown in During surgery, the child's head was placed at the top of the operating table with the neck in moderate hyperextension and a 15Њ Trendelenburg tilt. A Dingman mouth gag was inserted to provide surgical exposure. Lidocaine 0.25% with epinephrine 1:200 000 was infiltrated into the operative site before incision to provide haemostasis. In the von Langenbeck operation, the mucous membrane of the hard palate and underlying periosteum are stripped off the bone as a single layer. The edges of the cleft are pared and the soft tissues of the two halves of the palate-that is, the mucoperiosteum anteriorly and the soft palate posteriorly-are slid towards each other and stitched in the midline. To allow this to happen, release incisions have to be made on each side and these run just inside the alveolar process from the region of the canine anteriorly, curving round the maxillary tuberosity, to end just behind the region of the pterygoid hamulus. The mucoperiosteum is then elevated from the bone as a bipedicled flap, attached anteriorly and posteriorly, and dissection is carried out through the posterior ends of release incisions to relax the soft palate. The push-back operation commences in the same way as the von Langenbeck, with raising of the mucoperiosteal flap, and similar release incisions are made laterally. However, the anterior ends of the lateral incisions are joined to the margins of the cleft by oblique cuts which produce three flaps in the incomplete cleft or four in the complete cleft. The palate can be lengthened by freeing the two posterior mucoperiosteal flaps so that they can slide backwards. This is done by freeing the aponeurotic and muscular attachments of the soft palate from the back of the hard palate, and undermining the nasal mucosa as far as possible from the upper surface of the hard palate. In patients in group 3, a superior pharyngeal flap is made and is inset posteriorly into the soft palate as an obturator after the push-back operation is finished. Minimal or moderate blood loss was usually replaced with crystalloid solution during surgery.
At the end of anaesthesia, all children breathed 100% oxygen for at least 5 min after nitrous oxide was discontinued. If residual neuromuscular block was detected by thenar muscle response, it was antagonized with atropine 0.03 mg kg 91 and neostigmine 0.07 mg kg 91 i.v. If ventilation was suspected to be depressed as a result of intraoperative administration of fentanyl (i.e. ventilatory frequency less than 12 bpm while tidal volume was well sustained) naloxone 1 g kg 91 was given i.v. When protective reflexes recovered and spontaneous breathing was reestablished (tidal volume 95 ml kg
91
, ventilatory frequency 912 bpm), that is when children breathed room air for at least 3 min and 2 O p S was maintained at .90%, or when the child was awake, tracheal extubation was performed and 100% oxygen was administered via a face mask for 3-5 min before transfer to the recovery room in a 5 Њ head-down position. Respiratory status was observed and recorded in the recovery room. Adequacy of ventilation was assessed clinically by observing expiratory airflow from the nose or mouth and movement of the thorax with or without auscultation with a stethoscope. Airway obstruction was scored as follows: (1) A modified Aldrete scoring system 7 was used to evaluate recovery from anaesthesia. Scoring included level of motor activity, respiration, arterial pressure, consciousness and colour on admission to the recovery room and at frequent intervals thereafter. To investigate the association between patient recovery scores and incidence and severity of early postoperative hypoxaemia, patients in each group were further divided into two recovery groups: (1) those with a low recovery score (score -6) and (2) those with a high recovery score (score 7-10).
All data were analysed using POMS statistical software, version 2.00 (Shanghai Scientific and Technical Publishers, Shanghai, People's Republic of China). Comparisons of values within groups were performed using repeated measures analysis of variance. Where the calculated F value exceeded the critical value for the 0.05 probability level, the Student-Newman-Keuls test was used to determine which differences were significant. 2 O p S values were compared using the Student's t test between children with a low (score -6) and a high (score 7-10) recovery score in each group. Comparisons of the incidence of hypoxaemia between and within groups, and comparisons of the incidence of airway obstruction between groups were performed using a chi-square test. The Bonferroni correction was used when multiple comparisons were performed. The relationships between 2 O p S values on arrival in the recovery room and recovery scores were analysed by linear regression analysis. P:0.05 was considered significant.
Results
Surgical procedures in all the children were uneventful and blood loss was minimal (mean blood p S values while breathing room air decreased significantly after surgery in all patients and then increased gradually. In the early postoperative period, the degree of arterial desaturation and incidence of hypoxaemia were closely related to the surgical technique for palatoplasty, being greatest for combined push-back palatoplasty and superior pharyngeal flap, less for push-back surgery and least for the von Langenbeck operation. fig. 1, table 2) .
The recovery rate of postoperative 2 O p S was most rapid from 0 to 30 min in children after von Langenbeck palatoplasty, with a mean net increase of 2.7% over 30 min. However, the recovery rate of 2 O p S was most rapid from 30 to 60 min in children after pushback palatoplasty or combined push-back palatoplasty and pharyngeal flap surgery, with mean net increases of 2.8% and 3.0%, respectively ( fig. 1 
Discussion
This study has demonstrated that more than one-third of patients undergoing palatoplasty became hypoxaemic after surgery. The cause of this hypoxaemia is probably multifactorial. [8] [9] [10] [11] It may be related to the anaesthetic itself, as it is an extension of the gas exchange that occurs during anaesthesia. Alveolar hypoventilation, ventilation-perfusion mismatch, right to left shunting of blood, decreased cardiac output and increased oxygen consumption caused by hypertonic muscles and shivering are potential causative factors. 9 The normal hypoxic drive to ventilation may be abolished by concentrations of enflurane as low as 0.1 MAC.
11 This concentration may be present in the immediate postoperative period and may cause early phase respiratory depression. Diffusion hypoxia after nitrous oxide is unlikely to be a contributing factor as all children breathed 100% oxygen for at least 5 min at the end of operation. The residual effects of neuromuscular block could aggravate early postoperative hypoxaemia, but routine antagonism of residual neuromuscular block at the end of surgery make this unlikely.
Except for the effects of anaesthesia on respiratory function described above, patients undergoing palatoplasty are at risk of upper airway obstruction because of block of the nasal airway and oedema of the palate, pharynx or tongue. 1 Secretions or blood in the pharynx can increase the degree of upper airway compromise, especially in young children with smaller airways.
Arterial desaturation and the incidence of hypoxaemia were related closely to the surgical technique for palatoplasty. There are several reasons for this. Compared with von Langenbeck palatoplasty, after push-back palatoplasty and combined push-back palatoplasty and superior pharyngeal flap surgery, children are more susceptible to upper airway obstruction during the early postoperative period. The incidence of mild and moderate upper airway obstruction is greatest for combined push-back palatoplasty and superior pharyngeal flap, less for push-back surgery and least for von Langenbeck operation. This may be related to a greater degree of velopharyngeal space contraction in push-back surgery and part naso-airway obstruction in pharyngeal flap surgery. Patients with more airway compromise may be more susceptible to residual anaesthetic effects. 12 In addition, more complex surgical techniques for palatoplasty imply a longer procedure, longer retractor time, more difficult repair and perhaps other co-existing pathology.
Previous studies showed that the duration of mouth-gag use strongly correlated with the incidence and severity of airway compromise. 1 11 The incidence of postoperative airway obstruction increased 10-fold if the duration of the procedure was more than 2 h. 13 The development of tongue swelling appears to be related to the duration of repair of the cleft palate. [14] [15] [16] Swelling and oedema of the tongue may be secondary to ischaemia induced by the mouth-gag. The tongue and local tissue injury may also be exacerbated by an extreme Trendelenburg position, which compounds venous stasis and oedema. Periodic relief of pressure from the mouth gag during surgery may reduce lingual oedema. 1 This may be a reason for the lack of severe airway obstruction in our patients.
Early postoperative hypoxaemia is most likely caused by central or obstructive apnoea. Obstructive apnoea is caused by closure of the upper airway, which may occur when neural control of upper airway is impaired or abolished (as in REM sleep, during anaesthesia or during sleep after operation following administration of morphine). 17 The effects of von Langenbeck palatoplasty on sleep-related upper airway obstruction were usually minimal and clinically insignificant, whereas severe obstructive apnoea was present in most patients after pharyngeal flap surgery. An incidence of 10-95% of significant obstructive apnoea has been noted during the early postoperative period after pharyngeal flap surgery.
2 18 19 Although we did not measure sleep or 2 CO a P values, irregular respiration and snoring were common in our children after combined push-back palatoplasty and pharyngeal flap surgery. Therefore, we considered that obstructive apnoea was related to the highest incidence of hypoxaemia and moderate airway obstruction after combined push-back palatoplasty and pharyngeal flap surgery.
More specifically, concerning administration of fentanyl, the dose of fentanyl administered was significantly different between groups, but the suspected respiratory depression caused by fentanyl was reversed before extubation, and no child had clinical signs of respiratory depression as a result of fentanyl use in the recovery room (i.e. all children had a ventilatory frequency of 12 bpm), and opioid analgesics and sedative drugs were not used throughout the study. The recovery score is often used to evaluate the patient's degree of recovery from anaesthesia in the recovery room and to determine when the patient is ready to leave. 20 When the recovery scores were similar, the children in our study who We also found a significant correlation between recovery scores and hypoxaemia and the degree of arterial desaturation during the early postoperative period, indicating that postoperative recovery of respiratory function depends on the degree of recovery from anaesthesia. This is in accordance with the results of previous studies in children. 5 22 Hypoxaemia was most frequent within 2 h after surgery, particularly in the first 15 min in children after von Langenbeck palatoplasty, in the first 40 min after push-back palatoplasty and in the first 120 min after combined push-back palatoplasty and superior pharyngeal flap surgery. During this time, patients should be monitored closely, especially those with a low recovery score. In our patients, hypoxaemia was quickly corrected by gently stimulating the child to take deep breaths and by repositioning the head, and oxygen therapy. Because of the high incidence of hypoxaemia, pulse oximetry is an essential monitor for children undergoing palatoplasty after general anaesthesia. We also recommend oxygen, at least until children are awake. 22 In our study, 2 
O
p S values were lower than baseline, even 3 h after operation. This may be related to administration of diazepam i.m. before operation, use of fentanyl as part of general anaesthesia and various degrees of upper airway compromise. Fentanyl is said to have a short duration of action, but it may depress respiratory function for some time. 23 Except for surgical techniques, a larger total fentanyl dose during longer surgical procedures may be another cause of slower recovery of postoperative respiratory function in children who have undergone a more complex surgical technique for palatoplasty because fentanyl depresses the susceptibility of the respiratory centre to hypercapnia and hypoxia in a dose related manner. 24 In summary, we found that arterial desaturation and hypoxaemia were related to the surgical technique, being greatest for combined push-back palatoplasty and superior pharyngeal flap, less for push-back surgery and least for the von Langenbeck operation. There were significant associations between low 2 O p S values and the incidence of hypoxaemia on admission to the recovery room and recovery scores.
